Demagnetizing field computation for thin fUms: Extension to the hexagonal lattice
M. Mansuripur
Optical Sciences Center, University of Arizona, Tucson, Arizona 85721 (Received 9 December 1988; accepted for publication 12 June 1989) A previously published method of calculating the magnetic field pattern of thin films using fast Fourier transfonns is extended to situations where the magnetization distribution is specified on a hexagonal lattice.
iNTRODUCTION
In a previous paper I we described a method of calculating the magnetic field distribution for thin magnetic films. The method was based on Fourier transforms and the corresponding numerical computations were performed on square lattices. In this brief paper we extend the results to hexagonal lattices.
Consider a rectangular slab of magnetic film in the xy plane. The slab's dimensions are Lx X Ly X h, where h is the film thickness. Also let the magnetization distribution M (x,y) be uniform through the film thickness. Since periodic boundary conditions will be assumed, the magnetization pattern in the xy plane shall be periodic, with Lx and Ly representing the periods along the x and y axes. Figure 1 shows a regular two-dimensional hexagonal lattice. The original slab is the rectangular region of dimension Lx X Ly having its lower left-hand corner at the origin. Because of the assumed periodicity, a few lattice cells beyond the slab are also shown.
Discrete Fourier transformations cannot be performed easily on the rectangular region since it does not conform to the natural bases of the hexagonal lattice. These bases are the vectors a and b with equal length ( I al = i b I = d) as shown in new parallelepiped slab has the same number of cells as the original rectangular slab; either slab could be considered as a basic pattern of magnetization which, when replicated in the xy plane, would reproduce the distribution M(x,y). Note, however, that although periodicity along a follows from the periodicity in the x direction, the periodicity alongy does not guarantee the same along b. Nonetheless, if number N2 is chosen to be equal to 2Nl (or any integer multiple of 2N1 ), periodicity along b will be ensured. The following restrictions thus apply to the lattice:
(la) (lb) Under these conditions, one can express the periodic nature ofM (x,y) in the new coordinate system as follows:
(2) a and f3 are arbitrary real numbers while m and n are arbitrary integers.
THE FOURIER METHOD
Let us now define the reciprocal vectors A and B in the frequency domain, i.e" in the/xh plane. A and B must sati.sfy the following two conditions: a'B=b'A=O, a·A=b·B=1.
(3a) (3b) A and B have equal lengths {IAi = IBI = 2/( .j3d)} and are shown in the inset in Fig. 1 . With the aid of the reciprocal vectors, we write the following expression for sinusoidal patterns of magnetization that have the periodicity of M (aa + {3b) as described by Eq. (2).
The Fourier series expansion ofM (as + f3b) is now written In Eq. (5b) Lx Ly is the surface area of the parallelepiped slab. Approximating the preceding integral with a finite sum over the hexagonal lattice one obtains
A straightforward application of the discrete Fourier transform formula to the magnetization distribution, sampled over the parallelepiped slab, thus produces the coefficients Mmn· Next, we relate the magnetization distribution to the demagnetizing field. It was shown in Ref. 1 that the thickness-averaged H field for the sinusoidal magnetization of Eq. (4) is given by
Here h is the film thickness,fis the magnitude of the spatial frequency vector f which, for the hexagonal lattice, is given by
(y is the unit vector along f, i.e., 0-= f/lfl, and z is the unit 111111111111111,.11111111
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"""lcrrr-----pe"'¢"""", vector perpendicular to the film plane. The function G( . ) is a circularly symmetric function in the frequency domain given by
(7c) Figure 2 shows a plot of G (r) . Notice that the argument of G(' ) in Eq. (7a) is the magnitude offrequency scaled by • .. 
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